vasion, immnunostaining for S-100 protein was applied to one slide; the other slide was stained with haematoxylin and eosin. Results-Neural invasion was recognised in 34 of 121 (28%) primary gastric carcinomas. There were significant differences in tumour size, depth of tumour invasion, stage, and curability between patients with and without neural invasion.
The five year survival rates ofpatients with and without neural invasion were 10 fh macro-nerve fibres in and/or around the coeliac plexus; ding to the these were also examined to determine whether esearch So-neural invasion was present or not.
In all cases two paraffin wax blocks were ened along recut and stained immunohistochemically for ned onto a S-100 protein; one paraffin wax block conmalin. The tained both cancerous and adjacent non-canLch tumour cerous tissue; the other had cancerous tissue dimension. which had invaded the stomach wall. The two re obtained sections were dewaxed in xylene, rehydrated , was made through alcohol, and then immersed in 3% toxylin and hydrogen peroxide in methanol for 10 minutes ongside the to block endogeneous peroxidase activity. Secid the coel-tions were subsequently washed in phosphate .These tis-buffered saline. Normal goat serum was then [es but also applied for 20 minutes to reduce non-specific binding. The sections were incubated for one hour with primary antibody (Dako, Carpinteria, California, USA) (diluted 1 in 100) at room temperature, then with biotinylated goat antirabbit IgG diluted 1 in 200 for one hour (Vector Laboratories, Burlingame, California, USA), and finally with avidin biotin peroxidase complex for 30 minutes (Vector Laboratories).
Peroxidase labelling was developed with 3,3'-diaminobenzidine and hydrogen peroxide, and the sections were counterstained with methyl green. The x2 test and the Mann-Whitney U test were used to compare data on patients with and without neural invasion. Survival analysis was performed using the Kaplan-Meyer and Mantel-Cox methods. Stepwise Cox regression analysis"4 was performed to determine which of the many covariates had the most prognostic significance.
Results
The nerve fibres and bundles were clearly demonstrated by immunostaining for S-100 protein. In the normal gastric wall there are mainly two types of autonomic nervous plexus with ganglion cells: Meissner's plexus located in the submucosa and Auerbach's plexus located in the muscularis propria. The stomach possesses three muscle coats: the inner circular, outer longitudinal, and oblique fibre coats. They are not well defined in most sections and the nerve bundles are found mainly between circular and longitudinal coats. There is an extensive nerve network in the wall. '5 In many of the cases of gastric carcinoma the nerve bundles encircled by the perineurium were preserved despite dense infiltration of the carcinoma cells in the surrounding tissue ( fig  1) . In 12 3) . Invasion of the endoneurium and perineural space was prominent in 12 cases (fig 4) . In several cases there were oedematous or atrophic changes in the nerve bundles; these might be secondary changes due to neural invasion because severe neural invasion was seen just adjacent to this (fig 5) .
Neural invasion around the coeliac plexus was recognised in eight cases. These cases showed severe neural invasion in the primary carcinoma of the stomach. Interestingly, four ofthe eight showed both lymph node metastasis and neural invasion, and the remaining four showed only neural invasion in the tissues located alongside the left gastric, the common hepatic, and the coeliac arteries. The survival curves of both groups are presented in fig 6. Five year survival rate was 10-2% in patients with and 50-3% in those without neural invasion ( fig 6A) . This represents a significant difference between these groups (p<0 01). With respect to the patients who had undergone curative resection, the five year survival rate was 24-1 and 67-8% in the neural invasion positive and the negative groups, respectively, (p<001) (fig 6B) .
Stepwise Cox regression analysis was performed in 76 patients who had undergone curative resection to determine which of the many covariates had the most prognostic significance with regard to survival. The covariates studied were age, sex, tumour size, tumour location, gross type, histological type, depth of wall invasion, lymphatic permeation, vascular permeation, lymph node metastasis, and neural invasion. The analysis revealed that the depth of wall invasion and the tumour size were independent prognostic factors after curative resection in patients with gastric carcinoma (table 2) . Logistic regression analysis disclosed that the only factor which correlated with neural invasion was the size of the tumour (p = 0004).
Discussion
It has long been recognised that carcinoma cells spread via the blood and lymph vessels. Spread within peripheral nerves has received little attention, although del Regato and Spjut '6 suggested that invasion of perineural spaces by carcinoma cells is more common than is generally suspected. The perineural space has often been referred to as a lymph vessel, and the relation between the perineural space and lymph vessels has been studied. The perineural space is currently recognised as an independent space, distinct from a lymph vessel, following electron microscopic,'0 peroxidase injection,'7 and histopathological studies.5'"""
The perineurium acts as a barrier to neural invasion." We consider this to be true in certain cases of gastric cancer because the peripheral nerves were well preserved even though the surrounding tissues were replaced by carcinoma cells, as shown in fig 1 lymph vessel invasion.' The prognosis was poor when neural invasion was severe.2' However, a significant correlation was observed between macroscopic type, microscopic type, depth of invasion, and perineural invasion in bile duct carcinomas.8 The five year survival rate was also significantly lower when neural invasion was present.8 In colorectal carcinoma the survival rates were lower and the incidence of metastases much higher when neural invasion was present. 11 2 Neural invasion had the strongest association with local recurrence."
The positive rate of neural invasion is high (80% or more) in pancreatic and bile duct carcinomas56 8; however, it is relatively low in colorectal carcinomas (14-32%)." 22 The positive rate in gastric carcinoma in this study was 26% and is similar to that in colorectal carcinoma. The prognosis ofpatients with gastric carcinoma was much worse when neural invasion was present. Multivariate analysis, however, disclosed that neural invasion was not an independent prognostic factor. The contribution of vascular and lymphatic permeation to the malignant potential of the tumour is thought to be important, but neither of these is an independent prognostic factor. We suggest that the same applies to neural invasion.
Many authors have emphasised the importance of resection of the nerve and lymph nodes together with a primary tumour as a more coeliac nerve plexus. Four of the eight showed no lymph node metastasis in the roots of the left gastric, common hepatic or coeliac arteries. In our institution we perform an R2 operation as a standard procedure for gastric carcinoma,23 and the N2 lymph nodes (alongside the left gastric, common hepatic, and coeliac arteries) are dissected together with the surrounding soft tissue which includes the coeliac nerve plexus. Therefore, this procedure is important not only from the view point of lymph node metastasis but also from that of neural invasion.
In conclusion, although neural invasion was not an independent prognostic factor, the presence or absence of neural invasion may provide an additional basis for diagnosing patients with gastric carcinoma. En bloc resection of the autonomic nerve fibres and plexus around the left gastric, common hepatic, and coeliac arteries together with the lymph nodes may be necessary to completely remove the cancer tissue.
